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The Initial Ionization Stage of FRC Fornation

R. J. Cocnnisso, W. T. Armstrong, J. C. Cochrane, C. A. Ekdahl, * J. Lipson,
R. K. Linford, E. G. Sherwood, R. E. Siemon, and }1. Tuszewski

Introduction
A Field-Reversed Configuration (FRC) is a prolate compact torus that is

confined by poloiclal fields only. Theta-pinch formation of an FRC employs an
initial bias field, BIB whose direction is opposite to that of the main
theta-pinch field.1 Some fraction of the flux associated with this bias field
eventually constitutes the closed-field-line flux of the FRC. Expcrineatal znd
theoretical evidence suggest that the longest-lived FRC’S are obtained when the
closed flux is maximized. Because the initial ionization is done in the
presence of the bias field, the actual bias flux available at the time of
application of the main the~a-pinch strongly on the initialfield depcnd~ In this paper we rePort ‘n
ionization, or “preionization,” technique used.
experiments characterizing the previously used theta-pinch preionization
technique that employed a net field (bla6 plus preionizatioll) null, or
“zero-crossing,” of the axial component of the magnetic field to break down the
gls. We also discuais results of experiments designed to develop preionization
cschniques in which the gas breakdown is not accomplished by a zero-crossing.

Characterization of Zero-Crossing Preionization
A study of the effect of the zero-crossing preionization 6ChCtme on the

initicl bia6 flux was carried out on FRY-B. The FRX-Fl device 16 a 100-cm long
theta pinch of 22-cm id. Internal magnetic field probes sensitive to the
axial component of the ragnecic field and compensated diamagnetic loops for
❑ca6uring the plasma diamagnetism were the principal diaflnostica used. The
400-kHz theta-pinch preionization waa done with the zero-crassing mode (SCC
Ref. 2 for dctaila).

The probe data indicate that at the field zero-crcwising a gas breakdown
occurs und a plasma ring or annulus forms at the wall and subsequently
implode6. The annulus then undergoes an oscillation around an equilibrium
radiua dctcnnincd by the amount of trapped flux within the dnnulus.
A numerical code which includc6 0“751~
damping by ion-neutral colliafona
and finite (clausicul) rcsi6tivity
was also dcveluped to model the
observed properties of the plaama
durin& prclonization. 2 Figuru 1 ia
a comparison of the Code
prediction und experimental dntn
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of the total possible bias flux is avai?.able at the t’ ~e of the main discharge.
We nave assumed that the flux outside the annulus is lost during tile nain
discharge.

PI
s assumption has been substantiated by further probe

measurements. B Evidently, the conductivity of the plasma annulus inhibits
the bias field from diffusing throl~gh it.

Alternative Ionization Schemes
The results outlined i? the previous section suggest that a preionization

scheme which does not use a net field null to break down the gas could be
beneficial in optimizing the trappedb bias flux. l%e possibility of
photofonization has been evaluated with the result that very large
energy-storage capabilities are required in order to provide a sufficient
percentage of ionization. Because eventual translation and trapping of the FRC
necessitates a puff-fill from one end, possibilities for electrode (z-pinch)
type ionization are limited. Among various clectrodcless disc’larges, we have
chosen to study experimentally a quadruple system. The Imuced Ionizing
current in this systeru is parallel to the bias field eliminating the need for a
zero-crossing. A low amplitude (compared to the bias) theta-pinch was also
studied aa a part of a ❑ultistage scheme. These studies were carried out cm
the FRX-A device which has the same physical dimensions as FRX-B.

a. Unassisted quadruple
The quadruple experiments 5-7 show a high degree of ionization (60-80%) for

values of the quadruple magnetic field (B4P) comparable to the bias ❑agnetic
field, El; however, density build-up is inhibited for a4p < Bo. The density
build-up is correlated with gross compressional effecLs. Moreover, the plasma
maintains the quadruple symmetry. These results suggest tha: by increasing

B4P, ionization collld be achieved
ionization would probably be
accompanied by cxccaaive heating
and an unwanted quadruple
structure embedded in the plaama.
We therefore began experiments with
a ultiotoge system.

t.. Multistage sy~tem
The ~istagc system employe a

sequcnca of discharges to provide
adequate 6ced ionization for the
low amplitude theta pinch to couple
to the gas vitho t the undesirable
zero cros6ing. Y The dlechargcc
consist of a 36-tfIlz, -10-kW RF
generator; a 1-kG , !.60-kllz
quadrupclc; and a -2-kC, 520-kllz
theta Finch. The acqucncin& begin~
with RF brcdk down of the ~lls so
that vluibla li~ht iu dctectcd.
After -10 us of llcht emie~ion the
quudrupole is fi?cd und clamped
after onc half cyclcAm m~c tht~
pinch is flrcd at the quadruple
current peak. nliti 2icqu~l~c0WUI
found to rusult in the ❑out
ruproduciblc dlSCliOr~CP um! Lhc
hl~hcst lCVC1 of ionization. In
Fi8, 2 the unuu~iutud quudrup~lc

at higher values of B]. However, the
UMASSISTEDOUADRUPOLE MULTI-STAGE
l.~bG BIAS-NO rl 3LGBIAS.3GMHI tf
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and mltistage system are compared. & can be seen from the end-\*iew iraning
camera photographs in the figure, the quadruple structure in cne piasna
becomes circumfused when the theta pinch is added. Enission from the CIfI
2296A line indicates an electron temperature $ 10 ev.

We found it possible to achieve sufficient preionization without the
quadruple phase of the multistage system. 1111s result is illustrated in
Fig. 3. ‘he value of the bias field nrust be reduced some -700-800 G to obtain
the same ionization as is achieved when the quadruple is included in the
multistage scheme. Using this scheme without the quadrurole, ionization has
been obtained for Bl ~ 3 kG at a fill pressure of 10 mT and for BI j 3.5 kC at
a 20 mT fill. The CIII emission is associated with the density buildup and
again indicates an electron temperature of < 10 eV.

The RF phase of this scheme is criticai in obtaining ionization. This
behavior Is observed whether or not the quadruple is used and is illustrated
in Fig. 4. When the RF does nut couple to the neutral gas, as determined by
visible lifiht emission, no density build-up is observed. l%e optimum RF
antenna configuration consisted of -3 turns of lj4’’-d.d. insulated wire
positioned -6 cm from each end of the main t},eta-pinch coil. In order to
achieve reproducible RF coupling, an additional burst of -70 !lHz RF is
sequenced to fire -5 IJS before the 36 MHz unit. the 70 !lHz RF is generated by
a ferrite core driven to saturation by a capacitor discharge (0.25pf at 25kV)
and is coupled to the gas by a separate antenna consisting of a single turn cf
l/4’’-d.d. insulated wire placed just inside the 36 NHz antennas.
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Fig. 4.
Effect of RF coupling on density build-up.

SY!wzEY
Only half of the total initial bias flux is available at the time of the

❑ain discha?gc when the zero-crossing theta-pinch preionization scheme is used.
Preionization schemes which avoid a zero-crossing to ionize the gas have been
aucceasful in producing an initial plasma in the presence of the bias field.
Measurements to determine the amount of biaa flux trapped in plasnas so
produced are in progress.
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